How the human brain encodes numbers is revealed by a new analysis of patterns of brain activity. The findings address the nature of numerical representations and homology between humans and non-human primates.
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Here is some number magic: pick a number, square it, add ten times the original number, add 25, take the square root (rounding to the nearest whole number), finally, subtract your original number. The number you now have is five! We of course do not posses magical powers to read your mind while you are reading Current Biology, but in this issue Eger et al. [1] brilliantly show that no tricks are required to know the number that your brain is processing. They used high resolution functional magnetic resonance imaging (fMRI) together with a matching task, in which adult human subjects had to compare a number to a sample that had been presented earlier. As with previous studies investigating perceptual or cognitive processes in the human brain [2] , their analysis was based on multivariate pattern recognition. Conventional (univariate) fMRI analysis methods assess activation for different experimental conditions within each voxel; multivariate pattern recognition analysis (MVPA) uses pattern classification algorithms to decode the information embedded in the spatial pattern of activity across multiple voxels [3] . For example, if the subjects are presented with faces and houses, and the pattern of activity across multiple voxels can discriminate between them, one could conclude that the multi-voxel pattern of fMRI data is differentially selective for faces and houses. The method is particularly useful when investigating stimuli and functions such as numerical, spatial and temporal magnitudes which activate largely overlapping areas of the brain.
In their first experiment Eger et al. [1] showed that it is possible to classify a number of dots -4, 8, 16 or 32 -presented during the sample period apparently independently of other magnitude dimensions, such as size and luminance, which are tightly linked with numerical magnitude [4, 5] . The decoding of dot number was most significant in the intraparietal sulcus (IPS), a core area for numerical representation [6] , but additional foci appeared also in premotor areas, indicative of the known close, automatic association between numbers and action planning [7, 8] .
In the second experiment, Eger et al.
[1] went a step further and examined whether it is possible to classify not only numbers in non-symbolic notation that can be used also by non-human species and human infants, but also numbers in symbolic notation that are culturally and educationally acquired [9] . In this experiment different numbers were used (2, 4, 6, and 8).
The authors probed discrimination of number-evoked patterns within a given notation. They also trained their MVPA classifier on dot patterns and tested it on digits, and as well as trained it on digits and tested it on dots. This is a critical point, and with major implications for theories of numerical cognition, which assume either that numerical representation is abstract -for example, there is a single, unified quantity representation of '6', 'six', ':::' and 'VI' -or that it is non-abstract -the quantity representations of '6', 'six', ':::' and 'VI' are distinct and format-dependent [6] .
The predictions for MVPA in the case of numerical representation are therefore clear cut: if the internal representation for numbers is abstract, it will not be possible to code the number in the IPS according to the presented notation. Moreover, the classification will be independent of the sensory inputs (for example, dots versus digits), so that a classifier trained on dot patterns will generalise to digits, and vice versa. In contrast, non-abstract numerical representation will lead to the ability to discriminate between the pattern that is evoked by dots and digits, and will predict that, at best, there will be some asymmetry in the generalisation between the notations [10] .
Several important results obtained in the IPS by Eger et al. [1] give strong support for the theory that the default numerical representation is primarily non-abstract [6] . First, the classifier was able to successfully discriminate the notation in which the number was presented (w80% correct, in which 50% is considered the chance level). Second, while discrimination of digits generalised to dot notation just above the chance level (w57% correct), the within dots notation was successful, but failed to generalise to digits. Third, the authors examined the possibility of gradual changes in activation pattern as a function of the numerical magnitude, which is akin to the metaphor of representing numbers on a mental number line that has been used to explain many results in the field of numerical cognition [11] , with greater overlap in the representation the smaller the relative numerical distance between the numbers [12] . While the activity related to dots did increase as a function of magnitude it did not increase in the same way for digits. Overall, these results led the authors [1] to suggest that digits and dots, in line with the non-abstract view, ''are encoded by essentially distinct and unrelated neuronal populations''.
Another important finding from this study relates to the issue of homology between human and non-human primates. Previous single-cell neurophysiology in the parietal and prefrontal cortices demonstrated the existence of numerons -neurons that are tuned to a specific number [13] . The work of Eger et al. [1] suggests that the human parietal lobes are equipped with neuronal substrates that follow similar computation rules to those in the monkey brain. But the new findings also reveal a distinction between the human brain and the non-human primate brain. The results show neurons with a preference for a given number are distinctly organised populations as reflected by the successful MVPA. In contrast, singlecell neurophysiology studies have not yet revealed a consistent organisation of numbers in the monkey brain.
We opened by showing that we can play tricks with numbers. They can of course play tricks on us too. Numerosity is often confounded in the real world with size and spatial extent [4, 14] (twenty apples usually take up more space and need a bigger basket than five apples) and in Experiments 1 and 2 of Eger et al. [1] there is a correlation between numerical quantity and density which may have contributed to the results. A related luminance-congruity effect [15] may be present in Experiment 2 in which the global mean luminance was equated across quantities but this means that for larger numerosities each individual dot is darker and for smaller numerosities each dot would be lighter.
Numbers, despite their platonic associations, are never untainted by other quantities in the world.
During mitosis, multiple microtubulebased motor proteins work together to build the spindle and move chromosomes on it [1] . A particularly important subfamily of mitotic motors is the kinesin-5s, which oligomerize into bipolar minifilaments with paired motor domains at opposite ends of a central rod. Kinesin-5s perform fundamental roles in the establishment and/or maintenance of spindle bipolarity -their inhibition typically results in the formation of monopolar spindles -and are believed to do so by crosslinking and sliding apart antiparallel microtubules in the spindle midzone. They also contribute to the generation of poleward tubulin flux and anaphase spindle elongation, probably by a similar mechanism. Finally, kinesin-5s can crosslink parallel microtubules in vitro (although they display a preference for antiparallel microtubules), but whether and how this contributes to their mitotic functionality remains unknown [2] .
A study from Garcia et al. [3] , as reported in this issue of Current Biology, sheds new light on the phospho-regulation of this intriguing class of motors, particularly the Drosophila kinesin-5, KLP61F. In this group's continuing effort to identify regulatory targets of the conserved cell cycle kinase dWee1, they have identified KLP61F as a potential dWee1 binding partner and uncover several tyrosines in the KLP61F motor domain as likely dWee1 phospho-acceptors. Moreover, by expressing a nonphosphorylatable KLP61F mutant (the three phospho-acceptor tyrosines are mutated to phenylalanine, referred to as 3YF) in flies containing reduced wild-type KLP61F, they show that dWee1 phosphorylation of the KLP61F motor domain may activate the motor's ability to drive apart
